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xM,i
x¯M,i
u = xM,i(F ) − x¯M,i
F
KMRig
Kij
kl, l ∈ [1, 6]
u(F ) = K−1MRig · F
xM,i
x¯M,i u
749
H > 50mm
750
s = s(t, S)
s S
χ
χ = χ(t, S) = S − SQ(t)
S
t
dχ = dS , dχ˙ = dS˙ = 0 ,
t
λc(t, S) c
ds = λc dS ⇔ λc := ds
dS
.
ds
ε˙c
ds˙ = λ˙c dS + λc dS˙ =
λ˙c
λc
ds ≡ ε˙c ds
751
dεc =
1
λc
dλc → εc(s) = ε0 + ln
[
λc(s)
λc
]
f
f˙
f˙ =
d
dt
fE(s, t) =
D
Dt
fALE(χ, t) =
∂
∂t
fL(S, t)
d
dt
= s˙
∂
∂s
+
∂
∂t
∣∣∣∣
s
D
Dt
= χ˙
∂
∂χ
+
∂
∂t
∣∣∣∣
χ
∂
∂t
=
∂
∂t
∣∣∣∣
S
fE
fALE
s˙ = λc χ˙ s˙ χ˙ = −S˙Q
f
xc(s)
vc(s) = x˙c(s) = s˙
∂xc(s)
∂s
= s˙ tˆc(s)
vc(s) =
∥∥vc(s)∥∥ = s˙ .
dxc = tˆc ds
dvc(s) =
d
dt
(
dxc(s)
)⇒ dvc(s)
ds
= vc tˆ
′
c + vc ε
′
c tˆc
vc(s)
dvc(s)
ds
=
d
ds
(
vc tˆc
)
= vc tˆ
′
c + v
′
c tˆc
εc
dεc =
1
vc
dvc ⇒ εc(s) = ε0 + ln
[
vc(s)
v0
]
752
vc λc
vc(s) =
v0
λ0
λc(s),
εc(s) = ε0 + ln
[
vc(s)
v0
]
= ε0 + ln
[
λc(s)
λc
]
vc(s) = v0 e
εc(s)−ε0 =
v0
λ0
λc(s),
λc(s) = λ0 e
εc(s)−ε0 =
λ0
v0
vc(s)
xc(s) h ∈
[−H
2
, H
2
]
nˆ(s)
γ + pi
2
γ tˆc(s) =
x
′
c(s)
x(s, h) = xc(s) + h · nˆ(s) .
κ(s) εc(s)
γ(s)
δW =
ˆ
V
δε : σ dV =
ˆ
L
[
δεc(s) ·N(s) + δκ(s) ·M(s) + δγ(s) ·Q(s)
]
ds ,
N(s)
M(s) Q(s)
γ ≡ 0
nˆ(s) nˆc(s)
tˆc(s)
753
λc(s) ≡ 1
κc(s) δκc
δW
δWs
δW − δWS = 0
δWS =
‹
∂V
(
δuT σ Nˆ
)
dS −→
nR∑
i=1
(
δri FN,i + ri δαi FT,i
)
σ Nˆ
δWs
nR
FN,i FT,i
λr,i λα,i
ri :=
∥∥xc(si)− xM,i∥∥
Rr,i := ri − R∗ = 0 ,
R∗ = R + H
2
tˆc nˆR,i
θ¯ i
Rα,i := tˆc(s) · nˆR,i(αi) = sin
[
αi − (−1)i θ¯
]
= 0
δRr,i = δri
δRα,i = δαi .
754
δri δαi
x¯→ x¯+ δx¯
δ
(
WS + λ
T ·R
)
=
nR∑
i=1
[
δri λr,i + δαi
(
ri FT,i + λα,i
)
+ δλr,i Rr,i + δλα,i Rα,i
]
H = {10, 20, 30, 50} mm
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H = 20mm
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H = 20mm
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Levelling force distribution
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